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Abstract 
Objective 

To provide aluminum alloys with good pressure resistance for casting. 

Means to solve the problems 

Aluminum alloys with excellent pressure resistance for casting are characterized by 
containing 4-12 wt% Si, 0.5-5 wt% Cu, 0.1-0.6 wt% Mg, 20-250 ppm Ca, and 0.1-1.0 wt% Zn, 
the concentration by weight ratio of Ca/Si is 0.005 or greater, and the remainder is aluminum and 
unavoidable impurities. 

Claim 

1. Aluminum alloys with excellent pressure resistance for casting, characterized by 
containing 4-12 wt% Si, 0.5-5 wt% Cu, 0.1-0.6 wt% Mg, 20-250 ppm Ca, and 0.1-1.0 wt% Zn, 
the concentration by weight ratio of Ca/Si is 0.005 or greater, and the remainder is aluminum and 
unavoidable impurities. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to aluminum alloys with excellent pressure resistance for 

casting. 
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[0002] 
Prior art 

Heretofore Al-Si-Cu-based alloys have relatively good castability and mechanical 
strength; therefore, they have been widely used as alloys for casting. However, these alloys have 
a large tendency to form shrinkage cavities; therefore, shrinkage cavities concentrate easily. 
Accordingly, in case pressure resistance is necessary, the pressure medium passes through the 
shrinkage cavities so that leaking occurs, which is a problem. To obtain a sound casting, we have 
to make the feeder head large to prevent the shrinkage cavities (which are easy to form) from 
entering the manufactured goods, so the planned yield, which is the planned weight/casting 
weight ratio, becomes poor, which is an economic problem. Depending on the planned casting, 
the solidification shrinkage which occurs at the feeder head easily appears on the casting surface 
of the casting products by the change of casting conditions such as fusion temperature, mold 
temperature, etc., and at that time, poor shape and poor appearance which are called open [sic; 
shrinkage] cavities can be formed. 

[0003] 

Problems to be solved by the invention 

To solve the problems, heretofore Ca was added for dispersing the shrinkage cavities for 
improving the pressure resistance. However, Ca alone could not improve the pressure resistance 
sufficiently, and when the Ca concentration was too high, the degassing properties and the 
fluidity were reduced; therefore, there was a limitation to the improvement of pressure resistance 
using Ca. 

[0004] 

Especially in regenerated aluminum alloys, the Al-Si-Fe-based intermetallic compounds 
which crystallize by the reaction of Al and Si in the molten alloys with the Fe from the scrap, 
which is a raw material, obstruct the sufficiency of solidified and shrunken molten alloy in the 
vicinity of the final solidification region; therefore, shrinkage cavities or aggregates of 
continuous linear shrinkage cavities are easy to form which deteriorate the pressure resistance of 
foundry goods, which is a problem. 

[0005] 

Recently, aluminum alloys were proposed (Japanese Kokai Patent Application No. 
Hei 1[1989]-1 56446) for suppressing the amount of the crystallized Al-Fe-Si-based intermetallic 
compounds, whose amount was large when the Fe concentration was high, by adding Ca and 
preventing the formation of linear shrinkage cavities for maintaining pressure resistance. 
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However, in this invention it was possible to restore the pressure resistance which was decreased 
by the high Fe concentration to the level when the Fe concentration was low; however, further 
improvement of the pressure resistance was impossible to expect. For alloys having low Fe 
concentration, the amount of the above-mentioned intermetallic compounds, which we want to 
make harmless, is small; therefore the effect of Ca is small. 

[0006] 

Means to solve the problems 

In view of these problems, various studies were carried out and as a result the present 
invention was attained. That is, the means for attaining the present invention is characterized by 
using aluminum alloys containing 4-12 wt% of Si, 0.5-5 wt% of Cu, 0.1-0.6 wt% of Mg, 
20-250 ppm of Ca, and 0.1-1.0 wt% of Zn, the concentration by weight ratio of Ca/Si to Si 1 is 
0.005 or greater, and the remainder is aluminum and unavoidable impurities. 

[0007] 

Embodiment of the invention 

The present invention concerns the fact that in Al-Si-Cu-based alloys, when Ca, Mg, and 
Zn are added simultaneously to the alloys, the eutectic temperature is reduced very much and in 
the meantime the liquidus temperature is almost not affected by these elements; therefore, the 
solidification temperature range, which is the difference between the liquidus temperature and 
eutectic temperature, is broadened. That is, the solidification temperature range, which is the 
coexistence scope of the liquid phase and the gaseous phase, affects greatly the pressure 
resistance of casting products; the larger the scope, the larger the improvement of the pressure 
resistance. 

[0008] 

In the following, the reasons for limiting the constituents of the aluminum alloys of the 
present invention will be explained. Si is a constituent in Al-Si-Cu-based alloys for improving 
the fluidity. When the Si content is 4 wt% or less, its effect is little, whereas when it is greater 
than 12 wt%, the primary crystals of Si crystallize and by the internal notch effect, the toughness 
is decreased. 

[0009] 

Cu hardens the solid solution of an alloy matrix (hereinafter this is abbreviated to matrix) 
and at the same time by aging treatment, it precipitates deposits of Al or Al and Mg and increases 
the mechanical strength and hardness. When the Cu content is 0.5 wt% or less, it is not sufficient 
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to increase the mechanical strength and hardness of the matrix, whereas when it is greater than 
5 wt%, the improvement of mechanical strength cannot be expected to increase much but on the 
contrary, heat cracks at the time of casting occur; thus, the soundness of the casting is damaged. 

[0010] 

It was found that when Mg was added simultaneously with Ca and Zn, the eutectic 
temperature was reduced and the pressure resistance was improved. Furthermore, Mg forms an 
intermetallic compound Mg2Si with the Si in the alloys and imparts heat treatability to the 
materials and contributes to the improvement of the mechanical strength; however, when the 
amount added is more than the adequate amount, it can reduce the toughness of the alloys; 
therefore, the Mg content is preferably 0.6% or less. When the Mg content is 0.1% or less, the 
improvement of pressure resistance due to coexistence with Ca cannot be expected. 

[0011] 

It was found that when Ca was added simultaneously with Mg and Zn, the eutectic 
temperature of the alloys was reduced and the pressure resistance was improved. However, the 
Ca concentration for obtaining a sufficient pressure resistance is such that the weight ratio of 
Ca/Si is at least 0.0005. When the Ca concentration is less than 0.0005 for the ratio of Ca/Si, 
there is no effect imparted to the pressure resistance and when the Ca concentration is greater 
than 250 ppm, the degassing property and the fluidity of the molten aluminum alloys are 
deteriorated; therefore, sufficient molten alloys cannot spread inside the mold so that it is the 
cause of run and cold shut of the molten alloys. 

[0012] 

It was found that when Zn was added simultaneously with Mg and Ca, the eutectic 
temperature of the alloys was reduced and the pressure resistance was improved. The addition of 
Zn and Mg to the alloys at the same time is effective for the improvement of the mechanical 
properties of the alloys. However, when less than 0.1% Zn is added, the effect cannot be 
expected, whereas when greater than 1.0% Zn is added, the deterioration of the toughness of the 
alloys is large; therefore, the Zn concentration range is limited to 0.1-1 .0%. 

[0013] 

Application examples 

In the following, application examples of the present invention will be shown together 
with comparative examples. The aluminum alloys shown in Table 1 were prepared and then they 
were poured into the mold shown in Figure 2 and the shrinkage cavities were observed. 
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[0014] 

(1) Conditions for testing the shrinkage cavities 
Pouring temperature 720 ± 5°C 

Mold Shell sand mold having the internal size of Figure 2 

Mold temperature Room temperature 

Molten alloy treatment Degassing by hexachloroethane 



[0015] 

(2) Results of observation of shrinkage cavities 

For observation of shrinkage cavities, the alloy cast in the mold of Figure 2 was divided 
in the vertical direction into two; then, the divided surfaces were smoothed by machining, and the 
pipe depth and the pipe volume were measured. The pipe depth was obtained by measuring the 
region A shown by the scheme of the cross section of the cast alloy shown in Figure 1 . The pipe 
volume was obtained by filling clay in the pipe region (region B of Figure 1) of both divided 
surfaces, followed by measuring its weight, then dividing the weight by the specific gravity of the 
clay. The results are shown in Table 2. The pipe depth, pipe volume, and the amount of open 
cavity of Application Examples 1-8 of the present invention were all smaller than those of 
Comparative Examples 1-6; thus, it is clear that the pressure resistance was improved. 



[0016] 

(3) Results of testing the mechanical properties 

Aluminum alloys having the compositions shown in Table 1 were prepared; then, they 
were cast in JIS H5202 ship bottom-shaped molds under the conditions of pouring temperature 
700 ± 5°C and mold temperature 200 ± 10°C to prepare specimens for testing strength. The 
strength test was carried out after the specimens were subjected to solution treatment at 500°C 
for 8 h, then quenching with warm water at 60°C, and then aging at 160°C for 6 h. The results of 
testing the mechanical properties are shown in Table 3. It is clear from the results of Table 3 
[sic; 3] that the a B , cjo.2, and 5 of the present application examples are all superior to those of 
comparative examples and both pressure resistance and mechanical strength are also superior. 
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Table 1. Constituents of test samples 



© 



Ho. 



Cu Si Zn Fe Mn Ni 



3.11 5.83 0.10 0.31 0.05 D.01 

3.11 5.83 0.10 0.31 0.0$ 0.01 

3.01 9.89 D.10 0.42 0.04 0.02 

3.01 9.74 0.11 0.42 0.04 0.02 

3.10 6.01 0.11 0.01 0.00 0.00 

3.10 COt 0.13 0.01 0.00 0.00 

3.01 5.89 0.10 0.32 0.04 0.01 

3.01 5.80 0.10 0.32 0.04 0.01 



3.01 5.S9 0.0S 0.42 0.04 0.02 

3.01 5.75 0.10 0.42 0.04 0.02 

3.02 5.75 0.10 9.42 0.04 0.02 
3.11 5.83 0.11 0.31 0.0S 0.01 



3.01 9.65 0.10 0.42 0.M 0.02 
3.10 6.00 0.11 0.01 0.00 0.00 



M* Co 



0.37 0.003 
0.37 0.013 
9.50 0.013 
0.49 0.010 
0.52 0.011 
0.52 0.018 
0.22 0.004 
0.22 0.018 



0.04 0.000 
0.04 0.005 

0.04 0. m 

8.40 0.008 



0.48 0.000 
0.52 0.000 



Key: 1 
2 
3 
4 



Application Example 
Comparative Example 
Remarks 

Alloy equivalent to JIS 



AC 2 B 



t 
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Table 2. Results of testing the shrinkage cavity 
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17. 1 
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2. 0 
1. 4 
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2. 4 

1. 9 

2. 4 
0. 9 


* 3 

* 4 
o 5 
" 6 


50- 1 
5 5. 2 
51. 4 
49. 3 
51. 1 
54. 5 


4. 9 

5. 8 
5. 8 
4. 9 

4. 4 

5. 9 



Application Example 
Comparative Example 
Pipe depth 
Pipe volume 



Key: 1 
2 
3 
4 
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Table 3. Results of mechanical tests 
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Key: 1 Application Example 
2 Comparative Example 

[0020] 

Effect of the invention 

As mentioned above, by adding 0.1-0.6 wt% Mg, 20-250 ppm Ca, and 0.1-1.0 wt% Zn, 
the shrinkage cavities were dispersed and thus excellent pressure resistance was obtained. 

Brief description of the figures 

Figure 1 is a typical drawing of an alloy casting whose shrinkage cavities were measured. 
Figure 2 shows the inner size of the mold. 

Explanation of symbols 
A: Depth of pipe 

B: Region of pipe volume measured. 



Figure 1. Observation position of shrinkage cavities 




Figure 2. Inner size (mm) of the mold 



